Background Little evidence is available on the management and cost of treating patients with advanced or metastatic gastric cancer (GC). This study evaluates patient characteristics, treatment patterns, and resource utilization for these patients in Mexico. Methods Data were collected from three centers of investigation (tertiary level). Patients were C18 years of age, diagnosed between 1 January 2009 and 1 January 2015, had advanced or metastatic GC, received first-line fluoropyrimidine/platinum, and had C3 months follow-up after discontinuing first-line treatment. Data were summarized using descriptive statistics. Results The study sample totaled 180. Patients' mean age was 57.2 years (±12.4) and 57.0% were male; 151 (83.9%) patients received second-line chemotherapy. A total of 16 and 19 regimens were identified in first-and second-line therapy. Of the sample, 51 (28.3%) received third-line therapy, and\10% received more than three lines of active chemotherapy. Supportive care received in first-and second-line chemotherapy, included pain interventions (12.2 and 7.9%), nutritional support (3.3 and 1.3%), radiotherapy (6.1 and 16.6%), and transfusions (13.3 and 10.6%), respectively. Using Mexican Institute of Social Security (IMSS) tariffs, the average total cost per patient-month in first-and second-line therapy was US$1230 [95% confidence interval (CI) 1034-1425] and US$1192 (95% CI 913-1471), respectively. Administration and acquisition of chemotherapy comprised the majority of costs. Conclusions This study shows considerable variation in first-and second-line chemotherapy regimens of patients with advanced or metastatic GC. Understanding GC treatment patterns in Mexico will help address unmet needs.
Introduction
Over the last 50 years, the reduction in incidence and mortality due to gastric cancer (GC) worldwide has been significant [1] . However, despite this, GC remains highly ranked in both incidence and mortality due to cancer; in 2012 the World Health Organization (WHO) ranked it as the fifth most common malignancy and the third most common cause of cancer death worldwide [2] . In particular, GC has a high burden of disease in developing countries, where approximately 60% of all cases are detected [3] , and where stomach cancer is ranked among the most frequent type of cancer in terms of incidence and mortality [4] .
The high mortality rate associated with GC is in part due to its lack of distinct symptoms, which allow GC to go unnoticed until advanced stages, where treatment options are limited [5] . While surgery is considered standard treatment for early-stage GC, the chemotherapy recommended for advanced stages remains relatively nonstandardized in terms of regimen selection. International guidelines recommend a two-drug combination of fluoropyrimidine and platinum in first-line treatment, without recommending specific regimens or specific product endorsements [6] [7] [8] . In second-line chemotherapy, ramucirumab, paclitaxel, docetaxel and irinotecan are labeled as the preferred treatment options by the National Comprehensive Cancer Network (NCCN; 2014), however only ramucirumab has formal approval in the indication. Nonetheless, in terms of real-world experience, little evidence is reported on GC management practices that identify the most frequently implemented strategies from the wide range of options available.
This lack of data is surprising as, according to the few published studies available, the economic burden of GCs is relatively high and data regarding treatment patterns could potentially identify areas of cost saving. Presented as an abstract of a retrospective study, in 2011 Knopf et al. collected monthly resource utilization data on patients with GC versus a nondiagnosed control, for the period 2007-2009. The mean monthly costs for patients with GC was US$10,653, versus US$571 for the control group [9] . Knopf et al. posited that while GC has a low prevalence in the US, the cost per patient has an overproportionate impact in the cost of care when compared with other cancers. In a study by the US National Cancer Institute, the cost of GC was estimated to be US$1.82 billion in 2010 [10] . In a third study in the US by Yabroff et al., it was observed that the cost of GC, in terms of initial care, was approximately US$5348, while for the last year of patient care the cost rose to US$7435 [11] .
Mexico is currently considered a medium-risk area of GC, as defined by incidence rate; in 2012, the WHO estimated a rate of 7.9 per 100,000 inhabitants [2] . Nevertheless, national resources rank GC as the second cause of death associated with cancer, and the first cause of mortality in the country due to digestive tract neoplasms [12] . However, similar to international literature, there is little published evidence on patient management, resource utilization and economic burden, and none on the economic impact of the disease [13] .
This study was developed to better understand the current treatment patterns of patients diagnosed with GC in Mexico in order to support public policy regarding GC treatment programs. The primary objectives of the study were to (1) describe the demographic and clinical characteristics of the target patient population in Mexico, and (2) identify and describe treatment patterns used in standard practice. Secondary objectives were to estimate direct costs associated with the treatment of these patients. This study focuses on second-line therapy.
Methods
A retrospective, observational study was designed to collect data regarding patient characteristics and institutional resource use from medical records in the Mexican public system. The target population was patients diagnosed with metastatic/unresectable GC (including gastroesophageal junction) between 1 January 2009 and 1 January 2015, and treated in tertiary-level centers of investigation. We defined the index date as the date recorded for diagnosis of advanced or metastatic GC.
A sample size of 200 was set as a target. Ethics approval was obtained, and data capture respected international patient privacy regulations.
Inclusion criteria were:
• Patients completed first-line chemotherapy that included a platinum analog and a fluoropyrimidine, with or without another medication, and continued with either second-line treatment or palliative therapy; • Patients were[18 years of age at the time of diagnosis; • Medical records were required to have a follow-up of C3 months following the last administration of firstline treatment, except those recording a documented death:
• This criterion was applied due to a pilot analysis of data collected within the first 3 days which showed that the number of patients with either (1) less than 3 months of follow-up, or (2) documented death within 3 months, exceeded one-third of the collected sample.
The prespecified criterion regarding minimum follow-up was included in order to allow for analysis on types of agents used in second-line treatment in a situation where a large percentage of patients was being lost to follow-up. This loss of follow-up was experienced in a similar study conducted by the sponsor in Brazil, where a high percentage of patients left third-level facilities once receiving best supportive care (BSC) [14] . As such, the sponsor recommended the inclusion of this criterion in order to prioritize the capture of resource utilization of patients who remain in tertiary-level hospitals over the calculation of the percentage of patients who are treated in second-line with an active chemotherapy and the resource utilization of BSC.
Exclusion criteria consisted of patients who had participated, or were currently participating, in any controlled clinical study, and patients with a second malignant disease diagnosed before or after the diagnosis of metastatic/ unresectable GC.
Data Collection
Data were captured using a paper Data Report File (DRF) that had been validated by the principal investigator against the Mexican Institute of Social Security (IMSS) patient files. DRFs were monitored for completeness and preciseness by a third-party monitor and transferred to an electronic database. Variables collected included patient demographics and clinical characteristics, treatment received, adverse events, hospitalization and outpatient visits, and resource utilization.
Outcomes
The primary outcomes of the analysis were defined as the demographic and clinical characteristics of the patient population in Mexico, the proportion of patients treated with each chemotherapy regimen per treatment line, and resource utilization, while secondary outcomes were defined as cost per patient-month and the distribution of cost per patient-month by category.
Start and end dates, as well as duration, were calculated using dates reported in the patient files. The number of days from diagnosis to treatment was calculated using the index date of diagnosis to the day of the first chemotherapy treatment in first-line. In order to include all resources used in each line of therapy, lines of treatment were calculated from the first day of treatment to the day before the following line of chemotherapy; for the first-line of treatment, this was defined as the first date of hospitalization, radiotherapy or chemotherapy following a diagnosis of advanced or metastatic GC. End of treatment was calculated by the last date registered before loss of follow-up, death, or the cut-off date of data capture.
Healthcare utilization rates were categorized by the type of medical resource service; specifically, acquisition of chemotherapy and premedication products, administration, adverse events, radiotherapy, inpatient hospitalization, outpatient visits, use of supportive care procedures and tests. Medicine use, both chemotherapy and premedication, was calculated using the number of cycles multiplied by total milligrams per cycle, based on reported posology. Costs per milligram were used. Costs of administration, radiotherapy, and supportive care units were calculated by the reported number of sessions or units. The number of grade 3 and 4 adverse events was collected, and the cost of treatment was calculated by adding reported treatment and procedures. Hospitalization for adverse events was included in costs for inpatient hospitalization; inpatient hospitalization days were calculated according to reported admission and discharge dates only. Outpatient costs were calculated according to the reported type of visit, specifically emergency room (ER) visits, pain clinic, or oncology clinic/consultation. Supportive care resources included tests and procedures not captured in adverse events, but did not include medication as posology data were not captured for supportive care. Treatment prior to diagnosis of advanced or metastatic GC was not included in the analysis.
This study estimated direct medical costs from a payer perspective, from the index date to the recorded data point or to the end of data collection (8 August 2015) . Cost estimates were calculated using resource utilization data and their corresponding unitary costs. Unit costs were taken from the IMSS unitary costs list for procedures (2015) [15] , while the acquisition cost of medication was taken from the IMSS public tenders (2015) [16] . A limited number of supportive-care costs not published by the IMSS were taken from the National Institute of Cancer (INCAN) 2015 unitary costs list [17] (n = 16 variables); however, due to the number and general low cost of the affected variables, this had little impact on results. All estimated costs were in 2015 Mexican pesos (MXN$) and then converted to 2015 US dollars (US$). The exchange rate was 0.06317, calculated as the average exchange rate of 2015 from the database of the Bank of Mexico (1 January to 31 December).
Statistical Methods
Statistical analysis was descriptive due to the observational nature of the study, and was performed for all main variables collected. The mean, median, mode and standard deviation was calculated for continuous variables, and frequency and proportion were calculated for categorical variables. All measures were assessed using complete case analysis, with missing values being omitted in the final analysis of each variable. Descriptive analyses were completed in Excel 2010 (Microsoft Corporation, Redmond, WA, USA), and cost analysis was completed in STATA v11 (StataCorp LLC, College Station, TX, USA).
Results

Demographic and Clinical Characteristics
The final sample size of the study was 180, collected from three tertiary-level centers of investigation. Due to the low incidence, all patients meeting the inclusion criteria in the participating institutes were included. In the IMSS hospital, Centro Médico Nacional (CMN) Siglo XXI, patient files are organized according to consulting office; all patients who met the inclusion criteria of the two consulting offices were included.
The majority of patients were treated in IMSS CMN Siglo XXI (n = 167; 92.8%), followed by the Secretary of the Navy (SEMAR) (n = 7; 3.9%), and patients found through the investigation center IBiomed (n = 6; 3.3%). The patient selection process is outlined in Fig. 1 . The demographic and clinical characteristics of patients are summarized in Table 1 .
The maximum level of education reported was generally low (n = 137): no schooling, 7.3%; primary school (age 6-12 years), 29.2%; secondary school (age 12-14 years), 27.0%; high-school, 21.9%; and completing university or postgraduate studies, 14.6%. The majority of patients (57.1%) reported no comorbidities, 14.9% reported diabetes, and 9.1% reported idiopathic hypertension; five patients had missing values. All other comorbidities impacted\5% of the sample. Smoking was associated with 52.0 and 3.5%, actively and formerly, respectively, of the 173 patients who reported on the variable.
Almost all patients included in the study were diagnosed with adenocarcinoma, totaling 98.9% of the 179 patients reporting data on the variable. Of the 173 patients with data, 96.1% were diagnosed with metastasis: approximately onethird of patients (28.9%) in two or more locations, 8.9% in three or more sites, and only 2.2% in four sites. Tumor characteristics of both the primary location and the metastatic location are shown in Fig. 2 
Treatment Patterns
A total of 16 and 19 unique treatment regimens were identified for first-and second-line active treatment, respectively. Each of the five most used regimens in firstline therapy represented C10% of the total population, summing to 93.9% of all selected therapies. Selection of second-line treatment showed each of the three most frequently used regimens representing C10% of the overall population, and 64.9% of all regimens. Of the sample, 29 patients went on to receive BSC after first-line treatment, however, due to the small sample and lack of data on resource use, results for these patients are not presented.
No obvious tendency of cycle length per regimens could be observed, however due to the small sample size of each regimen, statistical differences were not tested for. Details for treatment characteristics and frequently used regimens are included in Tables 2 and 3 .
Resource Utilization
The majority of hospitalization in first-and second-line treatment was associated with surgery. In second-line treatment, inpatient care was also linked to treatment of toxicity and adverse events. Supportive care was most associated with pain treatment (pain clinic and narcotics) and the use of endoscopies (see Table 4 for details).
Of the sample, 151 (84%) patients received two lines of chemotherapy, 51 (28.3%) received three lines, and \10% received more than three lines of active chemotherapy. The maximum lines of therapy received by a patient was seven. Estimated average costs per patient-month are presented in Table 5 . Given the limited information that currently exists on patients diagnosed with advanced or metastatic GC in Mexico, this study was designed to better understand patient characteristics, real-world treatment patterns, and healthcare resource use. Additionally, this study estimated the average cost per patient-month.
The patient population of Mexico follows international tendencies for late-or advanced-stage diagnosis, with the majority of patients being diagnosed with stage III and IV GC. Of the study population, approximately 80% of patients started first-line treatment in Eastern Cooperative Oncology Group (ECOG) 1. While this number decreased to 56.6% in second-line treatment, this reflects patients who had C3 months of follow-up, and likely represents Tumor stage was defined using the AJCC TNM staging system 7th edition, n = 169; 6th edition, n = 3; unknown, n = 9 patients who had a more positive response to treatment. Nonetheless, the data further suggest that few patients are treated once reaching ECOG 3. The findings of this study show a wide variety of regimens used in both first-and second-line treatment, with a total of 16 and 19 unique treatment regimens, respectively. Variability in treatment patterns has been demonstrated to be an internationally consistent trait, as demonstrated in similar studies conducted in the US, Taiwan, and South Korea [18] [19] [20] . The variation in Mexico remains comparatively high, which may reflect the lack of hospital-specific guidelines for the institutions included in the analysis. However, the fact that the most frequently used regimens in first-and second-line therapy represent 93.9 and 64.9% of patients, respectively, suggests a level of conformity in the selection process. When the investigating physicians were consulted on the results, it was submitted that regimen selection is influenced primarily by the availability of specific chemotherapies in the hospital pharmacy at the time of prescription, and their form of administration.
The preference towards prescribing orally administered products may be a reflection of this latter variable; specifically, capecitabine was administrated to 58.3 and 60.3% of patients in first-and second-line treatment, respectively. Patients were purposefully switched to capecitabine from first-to second-line therapy when the viability of oral treatment was improved by first-line intravenous regimens.
Oral chemotherapy may also be a demonstration of cost-constraining policies being implemented in the main hospital of the study, i.e. IMSS, as an attempt by doctors to reduce hospital visits. Administration of chemotherapy was identified as the main cost driver of this analysis, and a reduction of visits for this purpose would have an important impact on overall costs. Additionally, the study estimated that, on average, patients wait 30.5 days from diagnosis of metastatic GC to treatment. This may be another cost-constraining effort as the IMSS manages a global budget and a delay in treatment may increase cashflow flexibility for administrators. However, it is important to note that this may be institute-specific as wait times for elective services are reported as highly variable across and within institutes [21] . Finally, the study saw a lack of follow-up in tertiary-level care institutes for patients receiving BSC as the demand for resources by the high-volume IMSS hospital requires that these patients move to primary care units for follow-up care.
In terms of overall cost estimates, the administration schedule of the selected regimen had the largest impact on the average cost per patient, representing 35-48% of total costs in first-and second-lines of treatments. This, compared with the 14-21% for the cost of drug acquisition, highlights the generic status of the products used. Inpatient hospitalization and supportive care used a comparable proportion of resources as medication. Supportive care medication and outpatient care were minimal and were primarily associated with analgesics and narcotics (morphine, buprenorphine, and tramadol), as well as nutritional support. The total average cost per patient-month of first-and second-line care were very similar, at US$1230 and US$1192, which is significantly lower than the US$10,653 per patient-month published by Knopf et al. for patients diagnosed with GC in the US [9] . In comparison, Yabroff et al. estimated that the last year of patient care for a patient with GC in the US was US$7435 [11] . This may be comparable with the results of a recently published paper in Mexico that estimated the cost per patient-year of latestage breast cancer in the IMSS for stages III and IV of MXN$154,018 and MXN$199,274, respectively, equivalent to US$9729 and US$12,587, respectively, using the previously stated 2015 average exchange rate [22] . While firm conclusions are hard to make given the different time horizons of the analysis, if considering the short overall survival of GC patients it may be expected that the overall spending on advanced GC in Mexico is similar to that of breast cancer. This is the first Health Resource Utilization study completed in Mexico focusing on the standard care of treatment of patients diagnosed with advanced and metastatic GC, and can be seen as a step towards providing information regarding treatment patterns and estimating the overall costs of these patients. This is of particular importance in a field where the majority of treatment options remain generic and the recent and future development of innovative products will increase overall treatment costs for public providers. Healthcare in Mexico is provided by multiple public institutes that deliver full or subsidized care depending on employment status. However, provision of care between institutes is not equal; each institute makes its own decision on the benefits and products to be provided, given the available resources. The results presented in this study are primarily a reflection of treatment practices and costs in the IMSS, the largest public healthcare provider in Mexico, which covers private sector employees and their dependents. The IMSS provides free care at the point of access, [24] . These differences in spending are accounted for by the social/economic difference of the contributing population.
While the study provides an important starting point for data collection in GC in Mexico, it is important to note certain limitations. In particular, the small sample size combined with the range of regimens identified in both first-and second-line therapy limited the ability to estimate costs per regimen and to compare results across regimens. Furthermore, the generalization of these results to all public institutes is limited. While the IMSS is the largest The radiotherapy data presented in this paper differ from the poster presented on the same study (Jones et al. [23] ); differences were found between the reporting of posology, necessary for the cost calculations included in this paper, and general resource use included in the poster. This paper decided to report resource use using posology data due to the greater level of detail presented and in order to maintain consistency of data between resource use and costs. Differences are potentially due to capture error (transfer from paper Data Report File to electronic database) and patients who received radiotherapy but did not have posology details on file public institute in Mexico (insuring approximately 32% of the population [25] ), as can be inferred by the different levels of expenditure between institutes, treatment patterns may vary across institutes. The treatment patterns presented here illustrate the IMSS as an institute rather than the national tendencies. Similarly, the unitary costs are representative of the IMSS, and care should be taken when applying to other institutes with different cost structures. A direct comparison between the price lists of the IMSS and the Secretariat of Health shows that the costs published for INCAN and the National Institute of Medical Science and Nutrition Salvador Zubirán (INCMNSZ) are approximately 5 and 12% of the cost of the IMSS. This difference has the potential to change both the total costs and the distribution of costs, even while resource use remains constant across institutes. Importantly, the protocol planned for the possible loss of patients to the system and included a criterion of a minimum of 3 months of follow-up in cases where more than one-third of all patients were lost before 3 months. This prioritized the capture of resource utilization of patients treated in tertiary care hospitals over the calculation of the percentage of patients treated in second-line with an active chemotherapy, and proved an important bias as patients are frequently sent to local health units to receive BSC. As a result, these patients were not captured in the study and it was not possible to calculate the proportion of patients treated with active care in second-line versus BSC.
Finally, future investigations should look to expand the objective patient population to all patients, increase the study size, and include additional public institutes of interest in order to calculate more universally applicable results.
Conclusion
To our knowledge, this is the first study to look at patient management and resource use for patients with advanced or metastatic GC in Mexico, with results showing considerable variation in first-and second-line chemotherapy regimens. Understanding GC treatment patterns in Mexico will help measure the impact of new innovations in treatment practice and create opportunities to harmonize treatment options.
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